Uterine leiomyoma is the most common benign gynecological tumor. Rarely, it has benign extra-uterine growth patterns, including benign metastasizing leiomyoma (BML), with lungs being the most common metastatic site.
Introduction
Uterine leiomyoma is one of the most common benign gynecological tumors [1] [2] [3] . Rarely, it has been shown to have benign extra-uterine growth patterns, including benign metastasizing leiomyoma (BML) [1, 2, 4] . Lungs are the most common metastatic site amongst others such as lymph nodes, deep soft tissues, central nervous system, mesentery, bones and heart [2, [5] [6] [7] [8] [9] . Most pulmonary BMLs (PBML) are discovered incidentally in asymptomatic patients with scattered, wellcircumscribed, multiple, non-calcified bilateral nodules on imaging studies [2, 3, 10] .
Case description
We present a case of a 47-year-old, morbidly obese African American female, G6 P4-0-2-4, with a 22 pack per year smoking history who had quit 5 years prior to presenting. She had an abdominal supracervical hysterectomy 3 years prior to presentation for uterine fibroids.
Surgical pathology had confirmed benign leiomyomata with no malignant findings. A CT of the abdomen/pelvis was performed a year later for abdominal pain which showed a 42 × 47 mm right ovarian cyst and multiple ventral hernias. She did not follow up for the ovarian cyst.
Six months prior to presentation the patient was seen in the hospital for shortness of breath and chest pain. She underwent a CT of the chest with pulmonary embolus (PE) protocol, which showed multiple, noncalcified pulmonary nodules bilaterally, with the largest being 14 mm in the left lower lobe (LLL), accompanied by a 10 mm nodule in the right middle lobe amongst others, concerning for metastatic disease. No pulmonary embolism was seen (Fig. 1A-C) . As part of the initial workup, given her history of ovarian cyst, she underwent a CT of the abdomen and pelvis again which showed bilateral cystic masses in the adnexa, likely ovarian in nature. She subsequently had a pelvic ultrasound confirming right and left ovarian cysts which were 13 × 24 × 20 and 33 × 23 × 27 mm, respectively. No other masses were seen.
This prompted a repeat visit to her gynecologic oncologist. Her tumor markers, including CA-125 and CEA, were normal. FSH was normal as well. Based on the nature of the cysts and negative tumor markers, metastatic ovarian cancer to the lungs was deemed highly unlikely and a referral was made to the lung cancer center. PET/CT was ordered to further assess the nodules and assess for any extra-pulmonary areas of abnormal uptake. It again showed the largest nodule measuring 13 × 14 mm in the LLL, and a middle lobe nodule measuring 10 × 10 mm, both demonstrating mild FDG uptake ( Fig. 2A and B).
When compared with a CT performed four years prior, the LLL nodule was new and the middle lobe nodule had increased in size since that time (Fig. 3) . Also, at least 7 other smaller nodules, which were beneath the threshold of reliable characterization with PET FDG imaging, were seen with no significant extra-thoracic sites of abnormal FDG uptake.
Based on these findings she underwent a CT guided biopsy of the LLL nodule. Pathology identified a low grade (2/8 HPF mitosis), benign appearing, smooth muscle tumor. Immunohistochemical staining showed smooth-muscle actin and desmin, but was negative for CD117, HMB-45, CD34, pan cytokeratin and EMA. An estrogen receptor was present with patchy positivity and a progesterone receptor was strongly and diffusely positive. Given her history, these findings were suggestive of benign metastasizing uterine leiomyoma.
Due to concerns about a possible sampling error missing features of a more aggressive leiomyosarcoma, as well as to get fresh tissue for cytogenetic analysis, she underwent a video-assisted thoracoscopic surgery (VATS) wedge resection of the LLL nodule. Pathology again confirmed cytologically bland-appearing spindle cell neoplasm, with entrapment of bronchiolar epithelium and no significant nuclear atypia or necrosis. Mitotic activity was low (up to 2 mitoses per 10 high power fields), with no margin involvement identified. Properly controlled immunostaining showed the neoplastic cells to lack expression of HMB-45 and CD117 (c-kit) (no support for lymphangioleiomyomatosis or gastrointestinal stromal tumor, respectively) as before. A properly controlled DOG-1 (discovered on GIST) immunostain was positive, a result typically associated with gastrointestinal stromal tumor. However, this result has also been reported for uterine type retroperitoneal leiomyomas and peritoneal leiomyomatosis [19] (Fig. 4A-F) . Cytogenetic analysis was also performed. Karyotyping showed an abnormal result, including loss of chromosomes 19 and 22 and deletion of 1p, in addition to other abnormalities (Fig. 5) . This was consistent with the diagnosis of pulmonary benign metastasizing leiomyoma.
The patient was started on the daily aromatase inhibitor, Anastrozole. She tolerated the medication without any side effects. Three-month follow up CT scans showed a decrease in the size of pulmonary nodules. Six and 12-month CT scans have shown stable disease.
Discussion
BML is a rare disease, first described in 1939 by Steiner [11] , with about 100 cases described in the literature to date [2] . The pathogenesis and etiology have remained controversial with hematogenous spread of benign uterine tumor, local smooth muscle tissue proliferation or metastatic low grade leiomyosarcoma as proposed etiologies [2] . It is usually seen in women of reproductive age with a history of uterine leiomyoma who underwent hysterectomy, favoring the hematogenous/ iatrogenic spread of the tumor, yet in some cases lung nodules existed even before hysterectomy, as in our case [3, 8] . However, the cytogenetic studies demonstrating a monoclonal origin of both uterine and lung tumors, along with positive hormone receptors and response to hormonal therapy, support the hypothesis [2, 12, 13] . Cytogenetic studies have also shown that BML is a genetically distinct and definable entity with a 19q and 22q deletions, amongst others. Such changes are also found in a small genetically distinctive subset of uterine leiomyomata, supporting a common origin [18] .
The average age of patients diagnosed with BML is 48 years with about a 3 month to 20 year span between hysterectomy and lung findings [14, 16] . Open/thoracoscopic lung biopsy is the standard diagnostic modality [3] .
Pulmonary smooth muscle proliferations can either be primary, including hamartomas, lymphangioleiomyomatosis, leiomyoma and leiomyosarcoma, or metastatic, including metastatic leiomyosarcoma and BML. The low mitotic index (< 5 mitoses per 10 high power fields), lack of nuclear pleomorphism, lack of local invasion and distinctive karyotypic profile helps differentiate BML from other possible diagnoses [4, 15, 18] .
Due to the rarity of the disease, currently there are no treatment guidelines for BML. Multiple options have been reported in the literature, including close observation, surgical resection or antiestrogen therapy (e.g., selective estrogen receptor modulator, progesterone, aromatase inhibitors, oophorectomy and gonadotropin-releasing hormone analogues) [5, 17] . The preferred treatment is surgical resection if possible with hormonal therapy as an alternate. BML tends to typically have an indolent course and a favorable outcome, although pulmonary lesions may continue to progress, resulting in pulmonary insufficiency and even death [18] .
Conclusion
Despite BML being a rare condition, it should be considered in the differential diagnosis in women of reproductive age with a history of uterine leiomyoma presenting with pulmonary nodules, solitary or multiple. Accurate histopathological analysis along with immunohistochemical staining and cytogenetic analysis are necessary to exclude other spindle cell neoplasms.
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